Balloon dilatation of pulmonary stenosis and aortic coarctation (13) Post-dilatation gradients were estimated from the peak flow velocity Doppler recording in the main pulmonary artery23 in twelve patients and in all but one of them the estimated gradient had decreased.
Follow up clinical and echocardiographic and Doppler data were available in twelve of the 22 patients (follow up lasted 3-28 months; mean and median 11 months). In all patients short grade 2/6-3/6 ejection systolic murmurs that were most intense in early systole were heard at the sternal border. These were consistent with residual mild pulmonary valve stenosis. Diastolic murmurs indicative of pulmonary valve insufficiency were heard in two patients. The right ventricular end diastolic dimension decreased from 21-4 (3 6) to 17.6 (3 9) mm (p < 0-05). A fall in peak Doppler flow velocity in the main pulmonary artery from 4 2 Peak systolic pressure in the ascending and descending aorta and systolic pressure difference across the coarctation of the aorta before and after percutaneous balloon angioplasty. There was a significant decrease (p < 0 02) in the descending aortic pressure while the ascending aortic pressure did not significantly decrease (p > 0 05). The pressure difference across the coarctation of the aorta decreased markedly (p < 0001). Closed circles represent infants < 18 months old and open circles are data from children. There was no significant difference in the presssure response between infants and children after balloon angioplasty.
with severe valvar aortic stenosis underwent successful dilatation of the aortic valve at the same time. Table 2 and fig 2 show the pressure measurements across the coarctation of the aorta and the diameter of the coarcted segment as measured by aortography before and immediately after dilatation. After balloon dilatation the systolic pressure proximal to the coarctation of the aorta (129-5 (29 3)) mmHg decreased (1 16-3 (19-9)) but not significantly (p > 005), while systolic pressure distal to the coarctation of the aorta increased significantly There were no significant complications during or after the procedure. Two children required blood transfusions after considerable losses during catheter/guide wire exchanges. One child complained of tightness in the chest during balloon dilatation but no other symptoms were noted subsequently. After dilatation systolic hypertension, which lasted for over 12 hours, developed in one child who has otherwise remained symptom free; this resembled post-coarctectomy syndrome but was short lived.
The femoral pulses, which were either absent or considerably reduced and delayed (when compared with the brachial pulses) before balloon dilatation, became palpable with increased pulse volume after dilatation. Blood pressure measurements in the arms and legs on the moming after dilatation generally resembled pressure recordings obtained 15 min after dilatation. Suprastemal notch cross sectional echocardiography and Doppler flow studies with sample volume placed just distal to the level of coarction were performed before and on the moming after dilatation in six patients. The Doppler flow velocity decreased (p < 0-01) from 3-4 (0-7)m/s to 1 9 (0 5) m/s, indicating a fall in calculated pressure difference from (20 9) mmHg to 16-0 (7-2) mmHg (p < 0 02). The four infants who were in heart failure improved after balloon dilatation. All patients were discharged home within 24 The right ventricular pressure and transpulmonary valvar gradient decreased in each patient after balloon dilatation whereas the cardiac index remained unchanged. These short term successful results resemble those reported by others.' 6 24 In some patients in this study (table 1) an infundibular gradient persisted after dilatation. In one patient without an infundibular pressure gradient but with angiographic infundibular narrowing, an infundibular gradient appeared for the first time after dilatation (case 12, table 1). This infundibular obstruction is likely to regress, as has been observed after surgical pulmonary valvotomy. 25 26 Regression of an infundibular obstruction was reported in an adult patient after balloon pulmonary valvuloplasty27 and in one of my patients in whom there was follow up data.
Although the long term benefits of balloon dilatation are not extensively documented several groups have reported good results. Kan and colleagues performed cardiac catheterisation 2-12 months after dilatation in nine patients and found persistent relief of right ventricular outflow obstruction. 6 Miller reported the persistence of good results of balloon dilatation in six of seven patients followed up for 3-6 months.8 In the current series catheterisation results at follow up in ten patients 6-15 months after balloon dilatation showed that the improvement produced by dilatation was either maintained or improved (further decrease in right ventricular pressure and pulmonary valve gradient).
COARCTATION OF THE AORTA
In all patients there was a significant decrease in the 256 systolic pressure difference across the coarctation of the aorta and significant increase in the measured diameter of the coarcted segment after balloon dilatation. Similarly successful short term results have been reported in other studies.14 15 17 Sos and his colleagues showed that the coarcted aortic segment could be dilated by balloon angioplasty at necropsy in a neonate. 28 Lock and his associates extended these observations and showed that surgically excised coarcted aortic segments and experimentally created coarctations in lambs and dogs could be dilated by balloon angioplasty.29-31 Dilatation of coarctation of the aorta has been used clinically in infants, children,14 17 18 and adults.73233 Both native coarctations'41617 and restenosed surgically repaired coarctations14 18 19 have been successfully dilated.
Lock et al suggested that a good result was more likely with a restenosed previously repaired coarctation than with a native coarctation.14 In the present group of patients with native coarctations, however, the results of balloon dilatation were good. Lock also suggested that an increase of > 30% in the diameter of the dilated segment and a fall of > 50% in the gradient across coarctation 24 hours after dilatation are likely to indicate good clinical response. All the patients in the present study fulfilled these criteria and hence their long term results may be good.
Balloon dilatation relieves coarctation by tearing the intima and media.28-30 It is, therefore, most important not to manipulate catheters and guide wires in the area of a freshly dilated coarctation. Indeed, inadvertent manipulation has caused aortic perforation and death.'6 A guide wire should be left in place in the ascending aorta for exchange of the balloon dilatation catheter with an angiographic catheter for post-dilatation angiography and pressure measurements. If the guide wire is inadvertently removed other methods such as main pulmonary artery cineangiography with levophase and indirect pressure measurements should be used to obtain data after dilatation. A syndrome of hypertension, abdominal pain, and bowel necrosis may develop after surgical repair of coarctation of the aorta (post-coarctectomy syndrome). This syndrome is rare, perhaps because awareness of the condition, together with monitoring and prompt treatment of hypertension after coarctation repair prevents full blown cases of post-coarctectomy syndrome from developing. One of the patients in the current study and an adult patient reported by Lababidi et a133 developed a forme fruste of this syndrome which resolved spontaneously. This indicates that a syndrome resembling the one that occurs after coarctectomy may also develop after balloon Rao dilatation. This complication should be watched for and treated appropriately.
In general, 6-8 atm (606-808 kN/m2) has been used for balloon inflation during balloon dilatation, although we have had good results with inflation pressures as low as 4 atm (404 kN/m2). A pressure of 9 (909 kN/m2) can rupture the balloon. I agree with the recommendations of Lock et al'4 that a balloon which is at least 2-5 times the diameter of the coarcted segment is needed for successful balloon dilatation. It may be that the balloon size should not exceed the size of the aortic segment proximal to the coarctation of the aorta. A total of at least four dilatations is generally recommended.
The immediate results of balloon dilatation have been excellent in most of the reported series,'4 17 19 including this one. Few long term follow up results have been reported. In Lock's study, improvement persisted in four of the five infants in whom dilatation was initially successful.'4 Kan et al reported 1-14 month follow up results for six of the seven patients who had balloon dilatation for restenosed repaired coarctation. In all of them there was a sustained improvement of the systolic pressure gradient across the dilated coarctation of the aorta. 1 9 Lababidi et al followed 13 of 27 patients for 3-24 months after balloon dilatation and found a good clinical improvement in all, no aneurysms, and an increased gradient across the coarctation in four of 13 patients.'7 In the current study group, clinical follow up for 3-7 months showed good results in five of the six patients and the sixth patient underwent successful repeat dilatation. Although most studies did not show complications on long term follow up, some recent reports showed aneurysmal dilatation in the region of previously dilated coarcted aortic segment one year after dilatation. 34 In the light of the high risk of surgical resection of coarctation of the aorta in neonates and small infants especially when other intracardiac anomalies are present35; a high incidence of recurrence (10-30%) of coarctation in infants36-38; and the difficulties encountered during reoperation for recurrent coarctation3940 balloon dilatation of coarctation of the aorta offers a safer and effective alternative to surgical repair in infants. With balloon dilatation, surgery may be avoided or at least postponed until the child is larger and the risks of death and recoarctation are less.4' Recurrence of stenosis or the development of aneurysm at the site of dilatation can be treated by surgical resection when the acute illness has passed.
Published reports indicate that balloon dilatation for restenosed repaired coarctations is consistently effective without many complications. In older children (beyond infancy) with native coarctations, however, balloon dilatation should not be performed routinely until the risk of aneurysm has been assessed in long term studies. 
